The subject of the Introduction of Air into the Veins has received, within the last few years, a considerable share of the attention of physiologists as well as of practical surgeons ;?amongst whom I may mention Amussat, Yelpeau, Bouillaud, Poiseuille, and Cormack. Much of the knowledge that we possess on this question is also due to the labours of the Commission appointed for its investigation by the Academy of Medicine of Paris, a report of the proceedings of which will be found in the sixth volume of the British and Foreign Medical Review.
The result of the several inquiries that have thus been instituted has been, that the possibility of the spontaneous introduction of air into the veins during surgical operations, or, in consequence of accidental wounds, has been incontestibly determined ; the phenomena that accompany the accident, and the circumstances that may occasion it ascertained; and the situations in which only it can happen, accurately pointed out. As these points, then, may be looked upon as definitely settled, I shall not again refer to them, VOL. lxi. no. 158. a but shall confine the observations that I have the honour of laying before this Association to the consideration of the proximate cause of death when air is introduced spontaneously into the circulating system; that is to say, when it is not purposely injected into the heart, but when it gains admittance into that organ either in consequence of one of the large veins in its vicinity being opened at a point where the flux and reflux of the blood are naturally observed, or* during operations, under such circumstances, whether of disease of the coats of the vessel, of traction in the removal of tumours, or of contraction of surrounding muscles, that it forms an unyielding, uncollapsing tube, into which the air is apt to be sucked in order to supply the vacuum, which the action of inspiration has a tendency to occasion within the thorax.
The inquiry into the cause of death consequent upon the spontaneous introduction of air into the venous system is not a purely physiological question, but is of peculiar interest to the practical surgeon, as the mode of treatment to be adopted in those cases of operation or injury in which this unfortunate accident has happened must necessarily depend upon the cause of the occurrence of that fatal event, which it is our object to avert. That this question cannot be considered as having, as yet, been definitely answered, is obvious from the fact, that, within the last year, two theories, altogether opposed to one another, have been published by MM. Mercier and Marchal de Calvi respectively. These will be considered in a subsequent part of this paper. Before proceeding further, however, it may be as well to take in review the opinions of some of the principal writers on this subject. Bichat* supposed that death was occasioned by the irritation produced by the air whilst circulating through the vessels of the brain. In support of this opinion he states, ls?, That the heart beats for some time after all animal life has ceased, and that it is even increased in activity, driving the frothy blood with much force through the lungs and arterial system ; Qclly, That, by direct experiment, viz. forcing air into the carotid arteries, death may be occasioned; 3d, That Morgagni and others relate cases of gaseous apoplexy, (as they are called,) in which the only lesion found is the presence of air in the cerebral vessels. Nysten*]-was of opinion that the over-distension of the pulmonic ventricle occasioned such a dragging of the fibres of the aortic ventricle as to op-laud-f* regards the proximate cause of death as threefold, as occurring from enormous distension of the right cavities of the heart, the air being expanded by the heat of the blood, and, consequently, impeding the contractions of that organ ; 2d, from the presence of spurious blood in the branches of the pulmonary artery, preventing the free passage of the blood through the lungs ; 3d, from air entering the vessels of the brain, and thus compressing that organ. Dr Cormackj is of opinion that the deleterious effects resulting from the entrance of air during operations are purely mechanical, and that the death of the patient depends simply upon the contractions of the right side of the heart being arrested or greatly impeded in consequence of the presence of the elastic fluid.
In ter adapted to it, should be attached, so that the force with which fluid is injected may be measured, it will now be found that it requires but a pressure of from 1 ^ to 2 inches of mercury to drive beat bullock's blood through the capillaries of the lungs, so that it may flow in a free stream from the left auricle, or from a pulmonary vein that has been opened. I have indeed seen it flow through with a pressure somewhat below 1^ inches of mercury, and this without any extravasation taking place into the tissue of the lung. Now, if the syringe be detached, and air blown into the pulmonary artery, it will be found that it requires a pressure of from 3 to inches of mercury to force the beat blood through the same set of vessels. Thus the presence of air within the pulmonic capillaries requires the propulsive power necessary to force blood through them to be nearly doubled. That this is not owing to any peculiar condition induced in the capillaries, but is dependent on the mechanical obstacle afforded by the presence of air in them, is proved by the fact, that as soon as the resistance of the air is overcome, and that fluid driven out of the vessels, a pressure, as in the former case, of from 1^ to 2 inches of mercury, will be fully sufficient to maintain the flow of the blood through the lungs. This experiment appears to me to be conclusive of the fact, that the presence of air in the capillaries of the lungs offer a mechanical obstacle to the passage of fluids through these vessels, which obstacle is in the living body, probably too From what has already been stated with regard to the force that is required to overcome the obstacle that air creates to the passage of blood through the capillaries of the lungs, it is evident that an increase of power in the heart's action would be necessary in order to accomplish this. But, in point of fact, so far from exerting an increased power, the heart exercises scarcely any propulsive influence upon the frothy mixture that has gained admittance into the right ventricle; which is partly driven, at each contraction, backwards through the tricuspid valve and auricle into the vena cava, as well as forwards into the pulmonary artery. As the circulation through the lungs becomes more and more impeded, the quantity of blood sent to the left cavities and thence through the coronary arteries to the muscular substance of the heart is proportionally lessened ; hence, coincident with the obstruction in the pulmonic capillaries, there is a failure in the power of the heart's action, which renders it less able to overcome the very obstacle that has occasioned it. The quantity of blood sent to the left side thus becoming gradually less and less, until at last it is insufficient to carry on the actions of animal life, when death necessarily ensues.
The respiratory movements no doubt ceasing,in consequence of the absence of a proper supply ofarterial blood to the nervous centres, preventing the impression of those sensations which are necessary for the due performance of the act of respiration. The series of phenomena, then, that take place when air is introduced spontaneously into a vein at a point where the flux and reflux of the blood are observable, or within that circle in which the action of respiration is felt, are as follows:?At the first inspiratory effort a quantity of air rushes into the right auricle, where it becomes mixed with the blood-As this cavity contracts at the same moment that the ventricle dilates, a large portion of the air passes into the ventricle, where it is, by the action of the corda tendinea and columnea carnece, beaten up with the blood, the remainder is forced back into the vena cava. The ventricle then contracting as the auricle dilates, its contents have a natural tendency to be driven onwards into the pulmonary artery, but this they can only do effectually, that is to say, be forced on with the full power of the ventricle, by having a point of support in the trithe power of its contractions in the same ratio. Now, as the left ventricle propels the blood in the arterial system with a pressure equal, on an average, to about live inches of mercury, if anything rather less, certainly not more, the ratio of the pressure exercised by the left ventricle, as compared to that of the right, may be stated by the formula 7 '? 2.5:: 5:1.78, which would probably be about the pressure in the pulmonary artery, and which agrees with the force that is required to propel bullock's blood through the vessels of the lungs. But, as it has already been shown that it requires a pressure of from 3 to 3 4 inches of mercury to force blood through the pulmonic capillaries, after air has been blown into them, a moving power of less than 2 inches would clearly be unable to overcome such an obstacle, and hence arrest of the circulation must necessarily ensue. The contractions of the platysma and other muscles of the neck may likewise, as Mr Shaw has shown, have a similar effect. In removing a tumour also that is situated about the neck, the traction exerted upon its pedicle may, if this contain a vein, cause it to become temporarily canalized ; and the incomplete section of the vessel, especially in a transverse direction, must necessarily prevent the approximation of the sides of the incision in it, which^ will be rendered open and gaping by the retraction of the surrounding tissues. This patency in the incision in the vein is apt to be increased by the position that is necessarily given to the head and arm in all operations of any magnitude about the shoulders and neck. Lastly, the introduction of air into a vein will be favoured by the vessel being divided in the angle of a wound, the vein being, when the flaps that form that angle are lifted up, rendered open-mouthed and gaping.
On looking over the reports of cases in which air gained admittance into the veins during operations, it will be found that these vessels were always in one or other of the above-mentioned con- 
